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Abstract
The only direct source of information about hominin brain 
evolution comes from the fossil record of endocranial casts 
(endocasts) that reproduce details of the external morphol-
ogy of the brain imprinted on the walls of the braincase dur-
ing life. Surface traces of sulci that separate the brain’s con-
volutions (gyri) are reproduced sporadically on early hom-
inin endocasts. Paleoneurologists rely heavily on published 
descriptions of sulci on brains of great apes, especially chim-
panzees (humans’ phylogenetically closest living relatives), 
to guide their identifications of sulci on ape-sized hominin 
endocasts. However, the few comprehensive descriptions of 
cortical sulci published for chimpanzees usually relied on 
post mortem brains, (now) antiquated terminology for some 
sulci, and photographs or line drawings from limited per-
spectives (typically right or left lateral views). The shortage 
of adequate descriptions of chimpanzee sulcal patterns part-
ly explains why the identities of certain sulci on australopith-
ecine endocasts (e.g., the inferior frontal and middle frontal 
sulci) have been controversial. Here, we provide images of 
lateral and dorsal surfaces of 16 hemispheres from 4 male 
and 4 female adult chimpanzee brains that were obtained 
using in vivo magnetic resonance imaging. Sulci on the ex-
posed surfaces of the frontal, parietal, temporal, and occipi-
tal lobes are identified on the images based on their loca-
tions, positions relative to each other, and homologies 
known from comparative studies of cytoarchitecture in pri-
mates. These images and sulcal identifications exceed the 
quantity and quality of previously published illustrations of 
chimpanzee brains with comprehensively labeled sulci and, 
thus, provide a larger number of examples for identifying 
sulci on hominin endocasts than hitherto available. Our find-
ings, even in a small sample like the present one, overturn 
published claims that australopithecine endocasts repro-
duce derived configurations of certain sulci in their frontal 
lobes that never appear on chimpanzee brains. The sulcal 
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patterns in these new images also suggest that changes in 
two gyri that bridge between the parietal and occipital lobes 
may have contributed to cortical reorganization in early 
hominins. It is our hope that these labeled in vivo chimpan-
zee brains will assist future researchers in identifying sulci on 
hominin endocasts, which is a necessary first step in the 
quest to learn how and when the external morphology of the 
human cerebral cortex evolved from apelike precursors.
© 2018 S. Karger AG, Basel
Introduction
Two major trends characterized hominin brain evolu-
tion: brains enlarged over time and their circuitry and 
cellular composition became more complex (neurologi-
cal reorganization). Estimates of brain sizes are obtained 
relatively easily by measuring the volumes of braincases 
(cranial capacities). Research on neurological reorganiza-
tion is more challenging because it entails analyzing sub-
tle details of gyral bulges and sulci that became imprinted 
on the inner walls of braincases when the animals were 
still alive [Jerison, 1973]. These impressions are repro-
duced on internal casts of braincases (endocasts). Endo-
casts sometimes form naturally after animals die, or they 
may be prepared manually by casting empty skulls or 
constructed virtually from CT scans of fossilized skulls 
[Falk, 2004]. 
The quality of cortical imprints on endocasts varies 
with species (smaller-brained species within lineages 
yield more detailed endocasts than their larger-brained 
relatives [Radinsky, 1972]), developmental age (endo-
casts from juveniles generally reproduce more details 
than those from mature individuals) [Connolly, 1950; 
Minh and Hamada, 2017], and (in the case of fossils) geo-
logical conditions that affect preservation. The fidelity of 
sulcal reproduction on endocasts varies with region of the 
brain [Minh and Hamada, 2017], as illustrated by a study 
that compared traces of sulci reproduced on endocasts 
from six chimpanzees with the sulci on corresponding 
brains and found that some sulci (e.g., the fronto-orbital 
sulcus; fo) reproduced well, while others (e.g., the lunate; 
L) did not [Clark et al., 1936]. 
There are currently two prevailing hypotheses about 
the mechanisms that govern the formation of sulci during 
fetal development. The axon tension hypothesis posits 
that species-specific sulcal patterns are caused by tension 
along axons in subcortical white matter [Van Essen, 
1997]. The mechanical folding model, on the other hand, 
suggests that tangential expansion of the cerebral cortex 
generates compression that leads to the development of 
cortical sulci [Tallinen et al., 2016]. A recent study of de-
veloping cortex in rhesus monkey fetuses suggests that 
maturation of dendrites within the cortex may be linked 
to the formation of sulci, which may be more consistent 
with the mechanical folding model [Wang et al., 2017]. 
Although these discussions about the mechanisms of how 
sulci form during development may seem somewhat tan-
gential to the present paper, the shape of the developing 
brain (endocast) modulates the mechanical factors that 
influence the placement and orientations of sulci so that, 
in real brains, the “primary convolutions are consistently 
reproducible in their location” [Tallinen et al., 2016, p. 
591]. It is important to note, however, that the only infor-
mation about sulci that can be gleaned from primate, in-
cluding hominin, endocasts depends on superficial traces 
[Pearce et al., 2013], which are often fragmentary. 
Because chimpanzees are the closest living phylogenet-
ic relatives of humans, descriptions of their brains have 
traditionally been important for identifying sulci on aus-
tralopithecine endocasts [Dart, 1925; Clark et al., 1936; 
Falk, 2009], and comparison of chimpanzee and human 
brains remains essential for addressing brain evolution in 
hominins since the two groups split from a common an-
cestor [Semendeferi et al., 1997, 2011; Gómez-Robles et 
al., 2015]. The literature on chimpanzee brains prior to 
and during the first half of the 20th century focused most-
ly on individual brains [e.g., Benham and Oxoii, 1895], 
although a few studies included relatively large samples of 
chimpanzees [reviewed in Walker and Fulton, 1936]. Ear-
ly authors relied exclusively on post mortem brains, used 
terminology that is now outdated, failed to recognize im-
portant sulci such as the middle frontal (fm) sulcus and 
Affenspalte (lunate sulcus, L), and illustrated specimens 
with photographs or line drawings from limited perspec-
tives (typically right or left lateral views) [e.g., Mingazzini, 
1928; Walker and Fulton, 1936]. The important mono-
graph of Bailey et al. [1950], i.e., “The Isocortex of the 
Chimpanzee,” was an improvement over earlier reports 
because it emphasized that sulcal homologies should be 
based on their approximate relations to cytoarchitectural 
areas, and used modern terminology and correct identifi-
cations for sulci. Although Bailey et al. [1950, pp. 18–19, 
Fig. 4a–c] provided line drawings that illustrated and la-
beled the sulci for one generic left chimpanzee hemi-
sphere, they did not include illustrations of individual 
chimpanzee brains with comprehensively labeled sulci.
John Connolly [1950] advanced knowledge of chim-
panzee (and other primate) sulci in his seminal mono-
graph, “External Morphology of the Primate Brain.” His 
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identifications of homologous primate sulci relied heav-
ily on comparisons of brains across the primate order in 
light of cytoarchitectonic and developmental evidence as 
well as examinations of occasional submerged (buried) 
gyri and sulci, and his sulcal identifications have stood the 
test of time. For example, a recent study using high-reso-
lution imaging and semiautomatic detection of sulci on 
46 virtual endocasts representing 11 genera of Old World 
monkeys [Beaudet et al., 2016] identified sulci that were 
consistent with the descriptions of Connolly [1950] of 
cercopithecoid brains and the identifications of Falk 
[1978] of sulci reproduced on cercopithecoid endocasts. 
Importantly, Connolly [1950] used modern terms for sul-
ci (Table 1), studied the reproduction of sulci on great ape 
endocasts, and applied his knowledge of sulci on ape 
brains to interpretations of early hominin endocasts. 
Current Knowledge about the Main Differences 
between Chimpanzee and Human Sulcal Patterns
Thanks to the research of Connolly [1950] and other 
early workers, it has long been known that, compared to 
humans, the brains of our closest “cousins,” i.e., chimpan-
zees, manifest strikingly different sulcal patterns in two 
parts of the brain – the inferior frontal convolution and 
the region that approximates the rostral border of the lat-
eral surface of the occipital lobes (Fig. 1). (It is worth not-
ing that all three great ape species share the same basic 
sulcal pattern [Connolly, 1950].) More recent scholars 
have used state-of-the-art neuroimaging, cytoarchitec-
tonic, and analytical methods to refine our understanding 
of these differences. Beginning with the frontal lobe, re-
cent cytoarchitectural and topographic research on chim-
panzee brains confirms that fo, which is seen invariably in 
great apes, is typically located rostral to Brodmann area 
(BA) 44, and BA 45 is usually anterior to BA 44 [Keller, 
2009; Schenker et al., 2010] (Fig. 1). Despite this general 
consistency, recent probabilistic mapping studies of sub-
cortical and surface distributions of BA 44 [Schenker et al., 
2010] and cytoarchitectural investigations of the subcorti-
cal and cortical extent of BA 44 [Sherwood et al., 2003] 
have revealed a good deal of individual variation in the 
precise relationship between fo and these two areas. Al-
though some authors have mistakenly identified the sub-
frontal sulcus or the fronto-marginal sulcus of Wernicke 
(W) of humans as fo [Connolly, 1950, p. 196], a homo-
logue of the ape fo does not occur on the surface of human 
brains. The homologues of BA 44 and BA 45 in left hemi-
spheres of humans comprise Broca’s speech area, and in 
both hemispheres these areas are delimited partly by two 
recently evolved sulci, i.e., the horizontal and ascending 
rami of the Sylvian fissure, which define the superficial 
rostral and caudal borders, respectively, of the pars trian-
gularis (BA 45). Compared to fo in great apes, the super-
ficial relationship between these sulci and BA 44 and BA 
45 is relatively precise because “there are regions, i.e., the 
Table 1. Abbreviations of features identified on chimpanzee brains 
(sulci unless otherwise stated)
1 Exposed portion of first annectant gyrus (of Gratiolet) 
2 Exposed portion of the second annectant gyrus (of 
Gratiolet) 
a1 Anterior (superior parallel) ramus of ts 
a2 Middle (angularis) ramus of ts 
a3 Descending (anterior occipital) ramus of ts 
b Primitive form of oci (sublunate) 
C Central fissure (of Rolando) 
cm Callosomarginal 
d Diagonal 
e Processus acuminis of ip 
fi Inferior frontal 
fm Middle frontal 
fo Fronto-orbital 
fs Superior frontal 
h Horizontal ramus of pci 
io Incisura opercularis 
ip Intraparietal 
L Lunate (Affenspalte) 
lc Lateral calcarine 
o Orbital 
oci Inferior occipital 
ol Olfactorius 
otr Transverse occipital 
pci Inferior precentral 
pcm Middle precental 
pcs Superior precentral 
pl Prelunate 
pm Paramedial 
po Parieto-occipital 
ps Superior parietal 
pti Inferior postcentral 
ptl Postlunate 
pts Superior postcentral 
r Rectus (principal) 
rc Retrocalcarine 
S Sylvian fissure 
sca Subcentral anterior 
scp Subcentral posterior 
tm Middle temporal 
ts Superior temporal (parallel) 
u Superior ramus of lc 
W Fronto-marginal (of Wernicke)
After Connolly [1950].
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free surfaces of the triangular and opercular parts, in 
which the probability is very high of localizing areas 45 
and 44, respectively” [Amunts et al., 1999, p. 339]. 
The above findings are consistent with the hypothesis 
of Connolly [1950] that, as the inferior frontal convolu-
tion expanded during the course of hominin brain evolu-
tion, the inferior part of fo was displaced caudo-ventrally 
beneath the external surface of the brain to become the 
anterior limiting sulcus of the insula. In humans, this lim-
iting sulcus, thus, represents the homologue of the infe-
rior part of the chimpanzee fo [Connolly, 1950, p. 330]. 
Connolly [1950] also observed that, during human fetal 
development, “a wedge of cortex passes between the or-
bital operculum (BA 47) and the dorsal or fronto-parietal 
operculum (BA 44), so that two branches R and R’ enclos-
ing area 45 are formed” [Connolly, 1950, p. 330; see also 
p. 162, Fig. 111]. Connolly suggested that a similar pro-
cess explained the evolutionary caudo-ventral migration 
of BA 45 and the emergence of the pars triangularis with 
its limiting sulci in humans, and hypothesized further 
that evolutionary reorganization of frontal association 
cortices was associated with the emergence of a phyloge-
netically new caudal extension of fm [Connolly, 1950, p. 
197] as well as expansion of the orbital margin “down-
ward and outward increasing anteriorly the breadth of 
the lobe” [Connolly, 1950, p. 75]. 
As noted, sulcal patterns on the external surfaces of the 
occipital lobes also differ between chimpanzees and hu-
mans (Fig. 1). In chimpanzees a distinct crescent-shaped 
lunate sulcus courses transversely across the occipital 
lobe approximately 2 mm rostral to the lateral anterior 
border of primary visual cortex (BA 17) [Bailey et al., 
1950, p. 69]. As with the inferior frontal gyrus, contem-
porary researchers have also filled in some details con-
cerning this region. In humans the lateral representation 
of BA 17 is greatly reduced and highly variable [Amunts 
et al., 2000] and representation of BA 17 may be lacking 
entirely from the lateral convexity of their occipital lobes 
– e.g., in 65% of 20 human hemispheres in one study 
[Rademacher et al., 1993]. In instances where BA 17 ap-
pears on the lateral surface of human brains, it is located 
considerably caudally compared to the representation for 
apes and, unlike the latter, its rostral edge is not typically 
bordered by a sulcus (Fig. 1) [Allen et al., 2006]. However, 
polar sulci sometimes appear near the rostral boundary 
of the human striate area on the convex surface, but these 
are “not interpreted…as parts of the true lunate sulcus” 
[Connolly, 1950, p. 232].
Efforts to understand how hominin brains evolved 
from having an apelike L to having occipital lobes that lack 
this prominent sulcus (Fig.  1) have been hampered by 
confusion in both the classic and contemporary compara-
HomoPan
Fig. 1. Differences in sulcal patterns of chimpanzees and humans. 
Chimpanzee brains have two crescent-shaped sulci that are lacking 
in humans – the fronto-orbital sulcus approximates the anterior 
border of Brodmann area (BA) 44 and the lunate sulcus courses 
about 2 mm rostral to BA 17. Unlike chimpanzee brains, the free 
surface of BA 45 in human brains is bordered on two sides by an-
terior horizontal and ascending branches of the Sylvian fissure. 
Left hemispheres are depicted; numbers represent Brodmann ar-
eas. See Bailey et al. [1950] and Von Bonin [1949] for details. Re-
produced from www.deanfalk.com.
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tive literature. Compared to other regions, the human oc-
cipital lobe shows the most variable sulcal patterns on the 
lateral surface of the brain, which helps to explain why 
“the occipital sulci have received different names accord-
ing to different authors, and the classic anatomy textbooks 
do not describe their variations and different patterns in 
detail” [Alves et al., 2012, p. 1014]. Fortunately, human 
temporo-occipital sulcal anatomy has been clarified by 
numerous researchers [Ono et al., 1990; Gilissen and 
Zilles, 1996; Iaria and Petrides, 2007; Iaria et al., 2008; Se-
gal and Petrides, 2012], including Alves et al. [2012] who 
compared the descriptions and nomenclature from the lit-
erature and identified the most characteristic and consis-
tent occipital sulcal patterns and their relationships with 
occipital gyri in twenty human hemispheres. Alves et al. 
[2012, p. 1015] recognized a lunate sulcus in humans as a 
“continuous transverse sulcus that crosses a substantial 
portion of the lateral surface of the posterior portion of the 
occipital lobe, just anterior to the occipital pole,” which 
occurred in 25% of their specimens. However, in keeping 
with the high-resolution MRI study of Allen et al. [2006] 
of occipital sulci and their relationship with BA 17 in 110 
adult humans, and contrary to the assertion of Grafton El-
liot Smith [1903] that human brains have a true homo-
logue of the ape Affenspalte (“ape sulcus,” renamed the 
lunate sulcus by Smith [1903]) bordering the lateral rep-
resentation of BA 17, Alves et al. [2012, pp. 1021–1022] 
concluded that hominin brain evolution: “led to the loss 
of a ‘true’ lunate sulcus in humans, and, when present, it 
is found in a posterior position to that observed in the 
great apes, with no correlation between the lunate sulcus 
and the primary visual cortex, and with absence of the pri-
mary visual cortex in the occipital convexity, where it has 
been replaced by secondary and tertiary visual association 
cortices. This evolutionary reorganization process result-
ed from cerebral expansion, and consequent increased 
number of temporoparietooccipital connections.”
Context and Objectives of the Present Report
What paleoneurologists seek to learn from the hom-
inin endocast record [Holloway et al., 2004a] are details 
about the evolutionary transition from apelike to human-
like sulcal patterns (i.e., from the pattern on the left to that 
on the right in Fig. 1). In other words, at what point and 
in what sequence did early hominin endocasts begin 
evolving sulcal patterns that differed from those of extant 
great apes? Because discoveries of hominins with ape-
sized braincases that are more likely to reproduce rela-
tively good detail of the external morphology of the brain 
than endocasts from larger-brained hominins are on the 
rise in Africa (Sahelanthropus, Australopithecus afarensis, 
A. sediba, and Homo naledi) and Indonesia (H. floresien-
sis), this is an exciting time for paleoneurologists. A cru-
cial first step toward answering the above question is that 
sulci that are reproduced on hominin endocasts must be 
accurately identified. As in the past, however, there is still 
a lack of unanimity regarding the identifications of cer-
tain sulci on australopithecine endocasts, especially those 
in and near the important frontal and occipital regions 
illustrated in Figure 1. This is partly because early hom-
inin sulci have sometimes been misidentified because 
neither their relationships with other sulci nor the current 
understanding of sulcal homologies have been taken into 
account [reviewed in Falk, 2014]. Equally concerning is 
that there are very few illustrations of chimpanzee brains 
in the literature which have comprehensive and accurate 
sulcal identifications and can, thus, serve as adequate ref-
erences for identifying sulci on early hominin endocasts. 
Connolly [1950] studied 9 postmortem brains and ad-
ditional illustrations from other sources and provided 
line drawings with comprehensive sulcal identifications 
that were informed by knowledge of sulcal homologies 
and cytoarchitecture for only 5 chimpanzee hemispheres 
(Fig.  2). Although few in number, these line drawings 
provide the most accurate and comprehensive sulcal 
identifications, to date, on the external surfaces of chim-
panzee brains and, as such, have been important for de-
scribing sulci on ape-sized endocasts of early hominins 
[Falk, 2014]. 
An objective of the present paper is to add to the lit-
erature on chimpanzee sulcal patterns by providing illus-
trations of in vivo brains for 16 hemispheres from 8 
adults, which include comprehensive identification of 
sulci that are informed by the relationships and deriva-
tions of sulci relative to each other as well as the literature 
on sulcal homologies in higher primates. A second objec-
tive is to discuss the implications of these new images for 
previously published descriptions and interpretations of 
small-brained hominin endocasts.
Materials and Methods
In vivo magnetic resonance imaging (MRI) scans were pro-
vided by the Yerkes National Primate Research Center for 8 adult 
chimpanzees (4 females and 4 males; online suppl. Table S1; see 
www.karger.com/doi/10.1159/000487248 for all online suppl. ma-
terial) ranging in age from 13 to 44 years at the time they were be-
ing surveyed for their annual physical examinations. Subjects were 
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first immobilized by ketamine (10 mg/kg) or telazol (3–5 mg/kg) 
and subsequently anaesthetized with propofol (40–60 mg/[kg/h]) 
following standard procedures at the Yerkes National Primate Re-
search Center. The subjects remained anaesthetized for the dura-
tion of the scans as well as the time needed to transport them be-
tween their home cage and the imaging facility (between 5 and 10 
min) or mobile imaging unit (total time ∼5 min). Subjects were 
placed in the scanner chamber in a supine position with their head 
fitted inside the human-head coil. Scan duration ranged between 
40 and 60 min as a function of brain size. 
Five chimpanzees (Abby, female, 13 years old; Callie, female, 
15 years old; Evelyne, female, 15 years old; Joseph, male, 27 years 
old; and Iyk, male, 44 years) were scanned using a 3.0-T scanner 
(Siemens Trio; Siemens Medical Solutions USA, Inc., Malvern, PA, 
USA) at YNPRC. T1-weighted images were collected using a 3-di-
mensional gradient echo sequence (pulse repetition = 2,300 ms, 
echo time = 4.4 ms, number of signals averaged = 3, matrix size = 
320 × 320, voxel resolution = 0.625 × 0.625 × 0.60 mm). Addition-
ally, 3 chimpanzees (Lulu, female, 44 years old; Laz, male, 20 years 
old; and J. Carter, male, 24 years old) were scanned using a 1.5-T 
Fig. 2. Five chimpanzee hemispheres illustrated in Connolly [1950]. Abbreviations are in Table 1; images are from Connolly [1950, pp. 
108, 113, 114]. Reproduced from www.deanfalk.com.
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Phillips machine (The Netherlands). T1-weighted images were 
collected in the transverse plane using a gradient echo protocol 
(pulse repetition = 19.0 ms, echo time = 8.5 ms, number of signals 
averaged = 8, matrix size = 256 × 256, voxel resolution = ∼0.78 × 
0.78 × 0.70 mm but varied slightly across these 3 subjects). After 
completing MRI procedures, the subjects were temporarily housed 
in a single enclosure for 6–12 h to allow the effects of the anesthe-
sia to wear off, after which they were returned to their social group. 
Prior to segmentation, 3-D rendering, and sulci analysis, the 
MRI scans were skull-stripped, aligned in the AC-PC axis, and 
resampled at 1-mm3 isotropic voxels to assure uniformity in the 
scale of measurement across brains. An MRI nonuniformity cor-
rection was applied to the aligned T1-weighted image stacks using 
the N3 algorithm [Sled et al., 1998] as implemented in FireVoxel 
(NYU Center for Advanced Imaging Innovation and Research, 
New York, NY, USA), as well as the 3-D Slicer (www.slicer.org) 
implementation of N4ITKBiasFieldCorrection, an improved ver-
sion of the original N3 algorithm [Tustison et al., 2010]. Brain seg-
mentation was performed using the interactive, region-growing 
segmentation tools in Avizo v8.0. This fully supervised segmenta-
tion procedure is time consuming but avoids potential biases and 
slight segmentation errors that tend to occur in unsupervised (au-
tomated) techniques due to differences in scanning protocols and/
or scanners. The segmented cortical data of each individual were 
then volume-rendered in standard anatomical views.
To aid in sulcal identifications, illustrations and discussions of 
chimpanzee sulcal patterns were consulted from several classic 
sources [Cunningham, 1890, 1892; Von Bonin, 1949; Bailey et al., 
1950] in addition to Connolly [1950]. Identifications of the first 
annectant gyrus were facilitated by discussions and illustrations 
in Ferrier [1886] and Gratiolet [1854]. To the extent possible, sul-
cal identifications for chimpanzee brains and related analyses 
were informed by an updated understanding of homologous sulci 
among catarrhine primates based on comparative neuroanatomi-
Fig. 3. Left lateral views of 8 chimpanzee brains. See Table 1 for abbreviations.
Fig. 4. Right lateral views of 8 chimpanzee brains. See Table 1 for abbreviations.
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cal, cytoarchitectonic, and imaging research [Connolly, 1950; Al-
len et al., 2006; Iaria and Petrides, 2007; Petrides et al., 2012]. In 
addition to materials from the literature, partial brain casts from 
2 chimpanzees and 1 gorilla were used as hard-copy 3-D refer-
ences. 
Cortical sulci were marked with dots and labeled on dorsal, 
right, and left lateral views for each chimpanzee brain (by D.F.) in 
Microsoft Paint using the terminology of Connolly [1950] (Table 
1) in the following order: left lateral view, left side of the dorsal 
view, right lateral view, and right side of the dorsal view. For each 
brain, identifications of sulci in the lateral views were considered 
in light of sulcal identifications on the same side in the correspond-
ing dorsal views and vice versa. Care was taken to distinguish sul-
ci from blood vessels and to recognize instances in which different 
named sulci appeared to merge superficially. 
Results
Sulci are identified on the left lateral, right lateral, and 
dorsal views of in vivo 3-D MRI virtual images of 8 chim-
panzee brains in Figures 3–5, respectively. (Readers are 
encouraged to enlarge Fig. 3–5 to see the sulci more clear-
ly and to make comparisons between different brains.) 
The three views are also illustrated for individual chim-
panzee brains in online supplementary Figures S1–S8 
which, as far as we know, constitute the first published set 
of illustrations with comprehensive sulcal identifications 
for in vivo chimpanzee brains viewed from three aspects. 
Although it is beyond the scope of the present paper, on-
line supplementary Figures S1–S8 should be useful to re-
searchers interested in intraindividual (left-right) varia-
tion in chimpanzee sulcal patterns. Table 1 and online 
supplementary Table S2 provide keys for the abbrevia-
tions used in the figures in the text and in online supple-
mentary Figures S1–S8, respectively.
Because, to date, comparative paleoneurological stud-
ies of fossil hominin endocasts have focused largely on 
the two cortical regions that manifest distinctly different 
sulcal patterns in great apes and humans – i.e., the lateral 
prefrontal cortex and the dorsolateral occipital cortex 
(Fig. 1) – variations in the locations, configurations, and 
patterns of cortical sulci in and near these regions are dis-
cussed below for the 8 chimpanzee brains. 
Fig. 5. Dorsal views of 8 chimpanzee brains. See Table 1 for abbreviations.
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Discussion 
Lateral Prefrontal Cortex
Although chimpanzee and other great ape brains man-
ifest numerous primary sulci that are common to all high-
er primates (e.g., the Sylvian fissure [S], the central sulcus 
[C], and the superior temporal sulcus [ts]), they also have 
secondary sulci that are not common, which can make it 
difficult to identify sulcal homologies. Thus, “it is better to 
note the sulcal pattern of a whole region before analyzing 
its furrows one by one” [Bailey et al., 1950, p. 25]. This 
point was well taken by Connolly [1950], who, for exam-
ple, reasoned that the inferior frontal sulcus (fi) and fm 
that appear often, but not always, in the frontal lobes of 
great apes are derived compared to all other nonhuman 
primates (which never have these sulci) but retained as 
constant features in human brains. More specifically, Con-
nolly [1950] argued persuasively that, in apes, fi is derived 
from the lower part of the precentral inferior (pci) sulcus 
and courses toward the fronto-marginal sulcus (W) that 
stems from the rostral part of the rectus sulcus (r), while 
fm derives from a higher horizontal branch (h) of pci and 
the caudal (more vertical) part of r (Fig. 2). Thus, to recog-
nize these sulci on ape brains (and on early hominin endo-
casts [Falk, 2014]), one must take the entire sulcal pattern 
on the lateral surface of the frontal lobe into account. 
Comparisons of cytoarchitectonic regions and their 
connecting pathways in macaque and human frontal 
lobes confirm that the basic plan of the prefrontal cortex 
of cercopithecine monkeys, humans, and (by inference) 
apes is the same [Connolly, 1950; Petrides et al., 2012]. 
Nonetheless, two phylogenetically “new” frontal lobe sul-
ci, i.e., fi and fm, appear in great apes and humans but not 
monkeys [Connolly, 1950]. Although from an evolution-
ary perspective it is important to compare the configura-
tions of these sulci in early hominins with their patterns 
in extant chimpanzees and humans, knowledge about 
their variations in chimpanzees has, to date, been ex-
tremely limited. This gap is addressed below. 
The Inferior Frontal Sulcus. Fi derived (evolved) from 
the inferior limb of the arcuate sulcus (pci) rather than r, 
with which it is sometimes connected in great apes and 
has sometimes been mistakenly homologized [Connolly, 
1950, pp. 79, 100, 108, 110]. Thus, in apes “the true fron-
tal inferior sulcus springs from the inferior precentral sul-
cus below the horizontal branch of the arcuate and (below 
the level of) the caudal end of the sulcus rectus” [Con-
nolly, 1950, p. 119]. In both great apes and humans, fi 
separates the inferior (third) convolution from the mid-
dle frontal gyrus above it, and the cytoarchitectural area 
below fi differs from that above it for chimpanzees [Con-
nolly, 1950, p. 108] and humans [Petrides et al., 2011, 
2012, p. 53]. Fi of great apes are typically relatively short 
sulci that stem from pci or appear independently just ros-
tral to pci, course horizontally directly above the medial 
end of fo on the lateral surface of the frontal lobe, and ter-
minate somewhat rostral to fo but caudal to r. (As dis-
cussed above, humans have a different sulcal pattern in 
this part of the frontal lobe.)
As illustrated in Figure 2, fi stems directly from pci in 
2 of the 5 chimpanzee hemispheres illustrated by Con-
nolly [1950, pp. 108–114, Fig. 80, 84] and is independent 
of pci (but has a relationship with a derivative of pci, the 
diagonal sulcus, d) in 2 others [Connolly, 1950, Fig. 81, 
82]. Fi is not identified in a fifth chimpanzee hemisphere 
[Connolly, 1950, Fig. 83]. 
Fi shows considerably more variation in the 16 hemi-
spheres described here than in the 5 hemispheres illus-
trated by Connolly [1950] (Fig. 2). Similar to the basic pat-
tern in Figure 80 of Connolly [1950], fi stems directly from 
pci in 11 of the 16 hemispheres (bilaterally in Abby, Callie, 
Iyk, J. Carter, and Joseph, and in Lulu’s left hemisphere – 
Fig. 3, 4), although most of these fi are longer and/or have 
various connections with other sulci compared to the sim-
ple configuration shown in Fig.  80 of Connolly [1950]. 
The shortest fi that is attached to pci in our sample appears 
in Lulu’s left hemisphere, although there is at least one in-
dependent fragment of fi rostral to it (Fig. 3). (The other 
unlabeled fragment that is rostral to Lulu’s fo is likely an 
element of W rather than fi.) Lulu’s right hemisphere 
(Fig.  4), on the other hand, has two independent frag-
ments of fi, which show a more complicated pattern than 
appears in any of Connolly’s specimens. The shortest frag-
ment is a dorsal extension of fo, and rostral to it is a longer 
tri-radiate fragment of fi that shows that the dorsal border 
of the inferior frontal convolution extends noticeably ros-
tral to the so-called “orbital cap,” which is delimited ante-
riorly by fo. Relatively elongated fis that stem from pci in 
the right hemispheres of Callie, J. Carter, and (especially) 
Joseph (Fig. 4), and the left hemispheres of Joseph and Iyk 
(Fig. 3) reveal that it is not unusual for chimpanzee brains 
to have inferior convolutions that extend considerably 
rostral to the orbital cap.
There are other interesting variations related to fi. In 
addition to the right hemisphere of the aforementioned 
Lulu, fi occurs independently of pci and is attached to fo 
in both hemispheres of Evelyne and Laz (Fig.  3, 4). A 
number of specimens have one or more fragments of fi 
bordering and within their inferior frontal convolutions, 
which may also have diagonal sulci (d) (left hemispheres 
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of Callie, Evelyne, Iyk, Laz, and Lulu [Fig. 3]; right hemi-
spheres of Abby, Callie, Iyk [notice the interesting switch-
back in the path of fi], J. Carter, Joseph, and Lulu [Fig. 4]). 
The inferior frontal convolutions of these chimpanzees, 
thus, appear more convoluted than most of the specimens 
illustrated by Connolly [1950] (his Fig. 84 being a possible 
exception).
It is important to emphasize that fragments of fi appear 
to extend or embellish the medial ends of fo in a number 
of specimens (left hemispheres of Callie [in particular, 
note the triangular patch at the medial end of fo], Evelyne, 
Laz [Fig. 3]; right hemispheres of Abby, Evelyne, J. Carter, 
Laz, and Lulu [Fig. 4]). As discussed below, some of the 
above findings for fi in chimpanzees have implications for 
published descriptions of early hominin endocasts. 
The Middle Frontal Sulcus. As detailed by Connolly 
[1950, pp. 75–6, 100, 108], the rostral part of fm in apes 
appears to be derived phylogenetically from the dorsal, 
more vertical part of r (the rectus or principal sulcus, 
which is present in monkeys) rather than its fronto-mar-
ginal branch (W). The caudal end of fm, on the other 
hand, is often connected to (derived from) the superior 
(horizontal) branch (h) of pci (arcuate) sulcus [see also 
Von Bonin, 1949, p. 31; Bailey et al., 1950, p. 18; Duver-
noy et al., 1999, p. 7; Petrides et al., 2011, 2012]. Connol-
ly [1950] illustrated the following variations in fm for 5 
chimpanzee hemispheres (Fig. 2). In his most complicat-
ed specimen, a fragment appeared within the middle 
frontal gyrus and a second extended from the caudal end 
of r (84 in Fig. 2). In a second specimen, fm was attached 
to the rostral end of h (80 in Fig. 2). Fm was joined to both 
r and h, creating the superficial appearance of one elon-
gated sulcus that extended caudally and obliquely from 
near the frontal pole to h in a third hemisphere [82 in 
Fig. 2]. Although Connolly [1950] did not label fm in two 
other hemispheres, he wrote that r was connected with h 
“through the medium of an element of the middle frontal 
sulcus” for one (81 in Fig. 2) and that for a young speci-
men (83 in Fig. 2) h “is continuous with the s. rectus and 
the two constitute the midfrontal sulcus.”
Fm in the 16 chimpanzee hemispheres shown here are 
located below fs and above fi (i.e., are in the middle fron-
tal gyrus, although fragments of fm sometimes intersect 
fs and fi) (Fig. 3, 4). All of the variations of fm illustrated 
by Connolly [1950] are represented in our sample, which 
also includes additional patterns. Lulu (online suppl. Fig. 
S8) manifests the simplest form of fm in our sample (sim-
ilar to Fig. 82 of Connolly [1950]), in which fm is con-
nected to h and r in both hemispheres. Several of the 
hemispheres have sulcal patterns involving fm that are 
more complex than those illustrated by Connolly [1950]. 
For example, the left hemisphere of J. Carter (online 
suppl. Fig. S5) has a relatively long fm that is independent 
of r and h and courses in a rostrocaudal direction that ap-
proximately parallels the dorsal perimeter of the frontal 
lobe when viewed laterally. A dorsomedially coursing sul-
cus near its caudal end connects fm with fs and there is an 
additional short fragment of fm attached to h. Both hemi-
spheres of Joseph (online suppl. Fig. S6) have long sepa-
rate fms with that on the right coursing lateral and ap-
proximately parallel to a substantial superior frontal sul-
cus (fs). Joseph’s right middle frontal gyrus looks 
especially convoluted. In addition to having a fragment of 
fm attached to h, the right hemisphere of Laz (online 
suppl. Fig. S7) has fragments of fm attached to the caudal 
ends of two relatively long fragments of fs. This results in 
a pattern of two long (combined fm/fs) sulci that course 
approximately parallel to each other above a combined 
h/fm sulcus. These newly identified configurations for fm 
show that variation in chimpanzee frontal lobes includes 
more complex midfrontal gyri than previously described 
[Connolly, 1950; Falk, 2014]. The implication of this find-
ing for interpreting australopithecine endocasts is dis-
cussed below. 
Dorsolateral Occipital Cortex
The Lunate Sulcus and Annectant Gyri. Lateral views 
(Fig. 3, 4) confirm the well-known fact that chimpanzee 
brains regularly manifest Ls that arc rostral to obliquely 
oriented lateral calcarine sulci (lc) that divide the occipital 
lobe into two main parts, similar to the lateral division of 
human occipital lobes [Alves et al., 2012]. Comparison of 
the dorsal views of the 8 chimpanzee brains (Fig. 5) re-
veals substantial variation in the location of the dorsal 
part of L relative to the A-P axis, with Callie’s and Lulu’s 
Ls located in relatively rostral positions (consistent with 
their lateral views) and, at the other extreme, Laz’s L lo-
cated at a comparatively caudal location (also seen in lat-
eral views). The locations of the medial parts of L tend to 
be somewhat asymmetrical and are highly so for some 
individuals (Evelyne and Ick), as is the case for 1 of the 3 
chimpanzees (Chuck) illustrated by Holloway et al. 
[2003], in which the right hemisphere has a more poste-
rior placement of L compared to the left. 
Connolly [1950] observed that caudal displacement of 
L (when it occurs) is related to the superficial emergence 
of part or all of the first annectant gyrus of Gratiolet (1) 
that is usually buried within the depths of L in most non-
human anthropoids [Gratiolet, 1854; Connolly, 1950, p. 
96; Iaria and Petrides, 2007]. This gyrus curves around the 
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parieto-occipital sulcus (po), bridges between the parietal 
and occipital lobes, and is usually exposed to some degree 
on the surfaces of chimpanzee brains, “though its poste-
rior limb is quite narrow and may be wholly operculated” 
[Connolly, 1950, p. 111]. The 8 brains described here are 
consistent with the observation of Connolly [1950] that 1 
is usually present but is operculated to varying degrees. 
The fullest exposure of 1 in our material is in Evelyne’s left 
hemisphere (Fig. 5) in which the anterior portion of an S-
shaped 1 curves around the lateral end of po and a sub-
stantial posterior limb of 1 displaces L caudally compared 
to the L on the right. More often, just the anterior limb of 
1 is exposed and the posterior limb dips under the occipi-
tal operculum (Fig. 5, Abby, Callie, J. Carter, left hemi-
sphere of Lulu). In Lulu’s right hemisphere, on the other 
hand, 1 is fully operculated by L. Asymmetries in the posi-
tions of the medial ends of L seen in the dorsal views of 
Evelyne and Lulu’s brains (Fig. 5) lend credence to the ob-
servation of Connolly [1950, p. 96] that the emergence of 
1 results in a “backward push” of L. This is also the case 
for the chimpanzee Chuck, in which the right L appears to 
be pushed caudally compared to the left L by an exposed 
(but unlabeled) 1 [Holloway et al., 2003, p. 597, Fig. 3].
Connolly [1950, p. 232] noted that in anthropoid apes, 
“part of the second transitional gyrus may also be exposed 
on the surface”, which is the case bilaterally for Evelyne, 
Iyk, and Joseph (Fig. 5). As described and illustrated by 
Cunningham [1892, pp. 225–226], the second annectant 
gyrus of Gratiolet (2) in chimpanzees bridges between the 
angular gyrus near the middle ramus (a2) of the superior 
temporal sulcus (ts) and the occipital lobe caudolateral to 
1. This gyrus is usually located within the depths of L, al-
though portions may be exposed on the surface, in which 
case they are delimited by the medial and lateral branches 
of the transverse occipital sulci (otr) and L [see Cunning-
ham, 1890, plate IX, Fig. 2, and Benham and Oxoii, 1895, 
pp. 67–68, plate 10, Fig. 32]. L frequently operculates 2 in 
chimpanzees, in which case it is not visible on the surface. 
Asymmetry in the sizes of 2 in Iyk (Fig. 5) suggests that a 
large exposure of this gyrus on the brain’s surface may 
contribute (along with a relatively large exposure of 1 such 
as that seen in Evelyne) to caudal displacement of L. The 
most dramatic representations of 2 in our sample are 
those on both of Joseph’s hemispheres (Fig. 5). 
Interestingly, Laz’s brain, which has substantial 1s bi-
laterally, also has additional exposed triangular patches of 
cortex bilaterally between the medial branches of otr and 
L (covered by the medial labels for L in Laz’s brain, Fig. 5), 
similar to those described (but not illustrated) for gorillas 
by Connolly [1950, p. 104]. Connolly did not characterize 
this feature as part of an annectant gyrus (instead describ-
ing it as “a triangular area slightly depressed below the 
level of the neighboring cortex”) and it is not clear wheth-
er Laz’s are medial extensions of 2 (a possibility suggested 
by the right hemisphere of Iyk, Fig. 5) or simply superfi-
cially exposed parts of the cuneus [Bruner et al., 2017]. As 
noted, Laz’s Ls appear to be located relatively caudal com-
pared to the other chimpanzees’ in Fig. 5, which may be 
associated with a caudal push (to paraphrase Connolly 
[1950]) from the combined exposure of these triangular 
patches and 1s. Two other features are notable on Laz’s 
brain. Connolly [1950, p. 96] hypothesized that caudally 
displaced Ls due to the emergence of 1 “causes a crowding 
together of the (occipital) sulci, with modifications of their 
form”, which seems to be the case for Laz’s left hemisphere 
(Fig. 3, 5). (Note also the high degree of convolutedness of 
Joseph’s occipital lobes, which may be associated with the 
combined effects of 1 and 2.) The second interesting fea-
ture in Laz (which may be seen more clearly by magnifying 
the dorsal images of his brain) is an apparent rupture in 
the opercular lip of the left L. Recalling that these images 
were obtained in vivo, it is not clear if this rupture was 
pathological or a natural variation associated with break-
ing up of the occipital operculum (i.e., that operculates L) 
in conjunction with caudal displacement of L.
Both of the annectant gyri (“folds” 1 and 2) described 
above for chimpanzees are fully exposed in human brains. 
Thus, “the superior parietooccipital fold, which encircles 
the external perpendicular fissure (po)… [and] the infe-
rior parieitooccipital fold, which is constituted by a poste-
rior extension of the angular gyrus that converges with the 
superior occipital gyrus or with the middle occipital gy-
rus,” were identified in 100% of human hemispheres ex-
amined by Alves, et al. [2012, p. 1018]. Chimpanzees have 
the same connecting gyri except that they tend to be oper-
culated by L. As observed long ago in reference to these 
two gyri in chimpanzees: “If we now suppose the opercu-
lum abolished, and the two annectant gyri in relation to 
the intraparietal sulcus raised to the surface, we have the 
condition present in Man” [Cunningham, 1890, p. 150].
Implications of the Newly Described Chimpanzee 
Brains for Hominin Endocasts. The in vivo sulcal patterns 
described above for 8 chimpanzee brains include varia-
tions that have not been recognized previously in chim-
panzees, some of which have implications for identifying 
and interpreting sulci reproduced on australopithecine 
and other small-brained hominin endocasts. Beginning 
with the frontal lobes, the suggestion that the anterior in-
ferior frontal gyrus reproduced on the left hemisphere of 
the endocast from MH1 (A. sediba) aligns its “orbitofron-
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tal shape… most closely with humans endocasts” [Carl-
son et al., 2011, p. 1402] because it “displays a distinct 
ventrolateral bulge” [Carlson et al., 2011, pp. 1403, 1405, 
shaded feature F in their Fig. 2] is questionable in light of 
the fact that numerous chimpanzees described and illus-
trated above (Fig. 3, 4) have inferior frontal gyri that are 
expanded rostral to fo and some even manifest extra frag-
ments of fi in that part of the brain (which MH1 does not). 
For example, the MH1 configuration of fi, fo, and the 
“bulge” rostral to that [see Falk, 2014, Fig. 5] appears re-
markably similar to that in the left hemispheres of Eve-
lyne and J. Carter (Fig. 3), and the left hemisphere of MH1 
in this region is less complex than the same region in the 
right hemisphere of Lulu (Fig. 4). Similarly, the assertions 
that the orbital cap region on the frontal lobe of the DH3 
(H. naledi) endocast “indicates a modern Homo-like 
frontal brain organization despite its small size” and that 
“a clear vertical ramus of the lateral fissure and its hori-
zontal branch permits easy identification of a modern 
configuration of the frontal opercula” [Hurst et al., 2017, 
p. 225] need reassessment in light of the range of variation 
in the inferior frontal gyrus of chimpanzees documented 
here. (See, e.g., the triangular patch delimited rostrally 
and caudally by two small sulci at the superior end of fo 
in the left hemisphere of Callie [Fig. 3].)
Falk [2014] hypothesized that australopithecine fron-
tal lobes were derived toward a human condition in their 
middle frontal gyri because endocasts of Taung, Sts 60, 
the No. 2 specimen from Sterkfontein (A. africanus), and 
MH1 (A. sediba) have separate branches of fm that “are 
rare in ape brains but typical of human brains, and… in 
all four (australopiths), fm is lateral to a long superior 
frontal sulcus (fs)” [Falk, 2014, p. 8]. In light of the new 
evidence provided here this hypothesis can be falsified. 
Separate fragments of fm are present in the left hemi-
spheres of Callie, Joseph, and Laz, (Fig. 3) and the right 
hemispheres of Abby and Joseph (Fig.  4). More to the 
point, fm courses lateral and parallel to a long fs in the 
right hemisphere of Joseph (online suppl. Fig. S6, com-
pare the two sides with the dorsal view) and a long sulcus 
that appears to be a composite of fm and fs courses below 
and parallel to a long fs and above a relatively long fm that 
extends from h in the right hemisphere of Laz (online 
suppl. Fig. S7, compare the three views), which suggests 
the sulcal pattern (and indeed the entire middle frontal 
gyrus) in this chimpanzee is more complex than compa-
rable sulcal patterns of the australopiths that have, so far, 
been described.
Turning to the parietooccipital region, sulci in this re-
gion do not reproduce well on endocasts of chimpanzees 
[Clark et al., 1936] or the ape-sized endocasts of australo-
pithecines, which may help explain why the existence and 
location of L for australopithecines has been a bone of 
contention since Dart [1925] first mistook the lambdoid 
suture of Taung for L [Dart, 1925; Falk, 2009]. Most pa-
leoneurologists now agree that L is not visible on Taung 
and that “none of the other published australopithecine 
brain endocasts have a clearly discernible LS” [Holloway 
et al., 2004b, p. 290], although one australopith endocast, 
i.e., that of Stw 505, remains controversial [Holloway et 
al., 2004b; see Falk, 2014, pp. 3–4, for a summary and fig-
ure that illustrates the conflicting sulcal identifications]. 
Although it is now known that, contrary to what was re-
ported by Smith [1903], human ancestors lost L at some 
point during hominin brain evolution [Allen et al., 2006], 
so far the fossil record of endocasts has been mute on 
exactly how and when this happened. Was a crescent-
shaped L pushed caudally by expanding parietooccipital 
regions, possibly in conjunction with bulging of the pari-
etal region and expansion of the medially located precu-
neus [Bruner et al., 2017], over an extended period of evo-
lution until it reached a point near the occipital pole and 
then disappeared? Or did L lose its opercular lid and dis-
appear during an earlier period of hominin evolution as 
1 and 2 became fully exposed (recall Laz)? Hopefully, a 
more complete fossil record of hominin endocasts (per-
haps with larger brain volumes than the ape-sized endo-
casts of australopiths) will allow future paleoneurologists 
to answer this question. 
Meanwhile, the variations in the locations of L and 
their relationship to exposed portions of gyri that bridge 
between the parietal and occipital lobes (1 and 2) docu-
mented here for chimpanzee brains should be considered 
when describing and interpreting chimpanzee sulcal pat-
terns and their implications for interpreting hominin en-
docasts [Holloway et al., 2003], including those from the 
newly named H. naledi [Holloway et al., 2017]. As is true 
for frontal lobe sulcal patterns, if a sulcal pattern repro-
duced in the parietooccipital region of an early hominin 
endocast is also represented among extant chimpanzees, 
it should not be interpreted as derived (relative to apes) 
toward a human condition.
Conclusion 
As illustrated in Figure 1, both the frontal and occipital 
lobes in chimpanzees consistently manifest marked cres-
cent-shaped sulci that are not present on the surfaces of 
human brains – fo and L, respectively. It is generally ac-
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cepted that the former was displaced caudally (beneath 
the brain’s surface) in conjunction with the evolutionary 
emergence of derived sulci in humans in the region of 
Broca’s area, which is involved in speech production in 
the left hemisphere. It is also hypothesized that L was dis-
placed caudally during hominin evolution, and recent ev-
idence confirms that its “true” homologue eventually dis-
appeared [Allen et al., 2006; Alves et al., 2012]. The 
newly described sulcal variations described above for 
chimpanzees suggest that, among other factors [Bruner et 
al., 2017], L may have been lost in conjunction with the 
full emergence of two annectant gyri (1 and 2), one of 
which entailed expansion of the angular gyrus (BA 39) – a 
region that is also important for human language. Sig-
nificantly, the new sulcal variations reported here for 
both frontal and parietooccipital regions in chimpanzee 
brains are consistent with comparative diffusion tensor 
imaging findings from studies of a white-matter tract, the 
arcuate fasciculus, which arches around the Sylvian fis-
sure linking temporal and frontal lobe areas. In contrast 
to humans, the arcuate fasciculus of chimpanzees is rela-
tively more connected with the inferior parietal lobule, 
including the angular gyrus, than the temporal lobe [Rill-
ing et al., 2008]. A more prominent temporal lobe projec-
tion of the arcuate fasciculus in humans “supports the 
transmission of word-meaning information stored in the 
MTG (middle temporal gyrus) and angular gyrus to pars 
triangularis and orbitalis for both sentence comprehen-
sion and sentence construction during spontaneous 
speech” [Rilling et al., 2008, p. 3]. Though speculative, 
this comparative research on the arcuate fasciculus com-
bined with the variations documented above for chim-
panzee sulci raises the possibility that language evolution 
may have been a primary factor in a coordinated emer-
gence of the cortical sulcal patterns in the frontal and pa-
rietooccipital regions that set human brains apart from 
those of other higher primates (Fig. 1).
Apart from providing in vivo sulcal identifications for 
16 chimpanzee hemispheres (which more than triples the 
number of hemispheres illustrated by Connolly [1950] 
[Fig. 2]), we also provide detailed information on patterns 
of interindividual variation. Online supplementary Fig-
ures S1–S8 offer a unique set of illustrations with compre-
hensive sulcal identifications for in vivo chimpanzee 
brains viewed from three aspects. Frontal lobe sulcal con-
figurations that were previously believed to be derived in 
australopithecines (compared to apes) are represented in 
some of the newly described chimpanzee brains, and this 
finding overturns certain published hypotheses about 
frontal lobe evolution in small-brained hominins. Newly 
described variations in the superficial representation of 
two gyri that connect parietal and occipital cortices in 
chimpanzees and humans contribute to hypotheses about 
the specific mechanisms that may have been involved in 
evolutionary reorganization of the caudal part of the brain 
[Bruner et al., 2017]. Although it is beyond the scope of 
the present paper, future researchers who apply geometric 
morphometric approaches to the study of chimpanzee 
sulci [e.g., Gómez-Robles et al., 2015; Bruner et al., 2017] 
or wish to construct probability maps that illustrate varia-
tion in the locations of various sulci for chimpanzees [e.g., 
Schenker et al., 2010], as has been done for humans [Iaria 
and Petrides, 2007], will, of course, require accurate iden-
tifications of sulci as an initial step and should, thus, find 
the above descriptions useful. Investigators may also re-
quest MRI data for additional chimpanzee brains from the 
National Chimpanzee Brain Resource (http://www.chim-
panzeebrain.org/). In sum, it is our hope that the above 
illustrations, identifications, and discussions of chimpan-
zee in vivo sulcal patterns will be useful for future re-
searchers who attempt to decipher hominin endocasts to 
learn how and when the external morphology of human 
cerebral cortices evolved from apelike precursors. 
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